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(54) High pressure parallel reactor 

(57) An apparatus for use in parallel reaction of ma- 
terials. The apparatus includes a base (32) having a plu- 
rality of reaction wells, each of the reaction wells (30) 
having a closed lower end (84) and open upper end for 
receiving reactant materials. A cover (34) is configured 
for sealing engagement with the base to form a housing 
enclosing the plurality of reaction wells and defining a 
common pressure chamber (26) in communication with 
the reaction wells. 

The apparatus further includes a flow restriction device 
(92) positioned adjacent to the open ends of the reaction 
wells to provide communication between the reaction 
wells and the pressure chamber while reducing cross- 
talk between the reactants and an inlet port (70) in com- 
munication with the pressure chamber tor supplying 
pressurized fluid to the chamber to pressurize the reac- 
tion wells. The housing is configured to sustain a pres- 
sure substantially above atmospheric pressure. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to par- 
allel batch reactors, and more particularly, to high pres- 
sure reactors for parallel synthesis and screening of ma- 
terials. 

BACKGROUND OF THE INVENTION 

[0002] The discovery of new materials with novel 
chemical and physical properties often leads to the de- 
velopment of new and useful technologies. The discov- 
ery of new materials depends largely on the ability to 
synthesize and analyze new compounds. Scientists are 
thus, always searching for a more efficient, economical, 
and systematic approach for the synthesis of novel ma- 
terials. Combinatorial technologies are often used to ac- 
celerate the speed of research, maximize the opportu- 
nity for breakthroughs, and expand the amount of avail- 
able information. Combinatorial chemistry involves syn- 
thesizing microscale quantities of a compound and then 
testing thousands of compounds quickly. 
[0003] The use of combinatorial technologies allows 
high density libraries of very large numbers of materials 
to be created using parallel synthesis. High throughput 
screens are then used to test these materials for desired 
properties to identify potential optimized compounds. 
Combinatorial technologies may be used to optimize 
and validate many variations of a material, formulation, 
or microdevice. Variables such as temperature, pres- 
sure, atmosphere, and concentration can be quickly ad- 
justed and tested in a single experiment. 
[0004] In parallel synthesis, different compounds are 
synthesized in separate vessels, often in an automated 
fashion. A commonly used format for parallel synthesis 
is a multi-well microtiter plate. Robotic instrumentation 
can be used to add different reagents or catalysts to in- 
dividual wells of a microtiter plate in a predefined man- 
ner to produce combinatorial libraries. Devices have 
been developed for automating combinatorial parallel 
synthesis. One such device includes reaction blocks 
containing multiple reaction vessels each individually 
sealed. These devices often require substantial sealing 
arrangements and do not provide means for pressuriz- 
ing the individual vessels. Other devices supply an inert 
gas to a plurality of reactor vessels, however, the gas is 
only supplied at one or two psi above atmospheric pres- 
sure to control the environment during the reaction. 
These devices are not designed to withstand high pres- 
sure operation. 

SUMMARY OF THE INVENTION 

[0005] An apparatus and method for synthesis and 

screening of materials are disclosed. 

[0006] In one embodiment, an apparatus of the 



present invention comprises a base having a plurality of 
reaction wells, each of the reaction wells having a closed 
lower end and open upper end for receiving reactant 
materials. A cover is configured for sealing engagement 
5 with the base to form a housing enclosing the plurality 
of reaction wells and defining a common pressure 
chamber in communication with the reaction wells. The 
apparatus further includes an inlet port in communica- 
tion with the pressure chamber for supplying pressu- 
10 rized fluid to the chamber to pressurize the reaction 
wells. The housing is configured to sustain a pressure 
substantially above atmospheric pressure. 
[0007] The apparatus may be configured to have ex- 
ternal base dimensions generally corresponding to 
15 standard microtiter plate dimensions for use with auto- 
mation equipment designed for use with microtiter 
plates. The apparatus may include 96 reaction wells ar- 
ranged in an 8 by 1 2 array or 1 2 reaction wells arranged 
in a 3 by 4 array, for example. 
20 [0008] A flow restriction device having a plurality of 
vent holes may be positioned adjacent to open ends of 
the reaction wells with the vent holes in alignment with 
the reaction wells to provide communication between 
the reaction wells and the pressure chamber while re- 
25 clucing cross-talk between the reaction wells. The flow 
restriction device may also include a plurality of check 
valves or micromachined orifices, for example. 
[0009] In another aspect of the invention, the appara- 
tus comprises a pressure chamber sized for receiving a 
so microtiter plate comprising a plurality of reaction wells 
for receiving components of the synthesis or screening. 
Each of the reaction wells has a closed lower end and 
an open end exposed to the pressure chamber. The ap- 
paratus further includes a cover moveable between an 
35 open position for receiving the microtiter plate and a 
closed position for creating a sealed pressure chamber. 
An inlet port is formed within the apparatus in commu- 
nication with the pressure chamber for supplying fluid 
pressurized substantially above atmospheric pressure 
40 to the pressure chamber to simultaneously pressurize 
each of the reaction wells from an external pressure 
source. The apparatus also includes a quick-operating 
fastening device operable to position the cover in its 
closed position and hold the cover in sealing engage- 
rs ment with the pressure chamber. 

[0010] A method for reacting a plurality of materials in 
parallel with a reactor vessel having a plurality of reac- 
tion wells formed in a base of the vessel, each of the 
reaction wells having an open end exposed to a com- 
50 mon pressure chamber defined by the reactor vessel, 
generally comprises: opening a cover of the reactorves- 
sel; inserting components into the reaction wells; closing 
the cover of the reactor vessel to create a sealed cham- 
ber; and supplying a gas substantially above atmos- 
55 pheric pressure that reacts with the components within 
the reaction wells. 

[0011] In another aspect of the present invention, an 
apparatus for use in parallel reaction of materials com- 
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prises a base having a plurality of reaction w lis and a 
cover configured for sealing engagement with the base 
to form a housing enclosing the plurality of reaction wells 
and defining a common pressure chamber in communi- 
cation with the plurality of reaction wells. Each of the 
reaction wells has a closed lower end and an open upper 
end for receiving components of the r action. The ap- 
paratus further includes a flow restriction device posi- 
tioned adjacent to the open ends of the reaction wells 
to provide communication between the reaction wells 
and the pressure chamber while reducing cross-talk be- 
tween the reaction wells. An inlet portion is formed in 
the apparatus for supplying pressurized fluid to the pres- 
sure chamber to pressurize the plurality of reaction 
wells. 

[0012] The above is a brief description of some defi- 
ciencies in the prior art and advantages of the present 
invention. Other features, advantages, and embodi- 
ments of the invention will be apparent to those skilled 
in the art from the following description, drawings, and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 is a an exploded view of a reactorvessel 
of the present invention. 

[0014] Fig. 2 is a perspective of the reactor vessel of 
Fig. 1 . 

[0015] Fig. 3 is a plan view of the reactor vessel of 
Fig. 1 

[0016] Fig. 4 is a side view of the reactorvessel of Fig. 
1. 

[0017] Fig. 5 is a front view of the reactor vessel of 
Fig. 1. 

[0018] Fig. 6 is a plan view of the reactorvessel of 
Fig. 1 with internal parts of the vessel shown in phantom. 
[0019] Fig. 7 is a cross-sectional view of the vessel 
taken in the plane including line 7-7 of Fig. 6. 
[0020] Fig. 8 is a cross-sectional view of the vessel 
taken in the plane including line 8-8 of Fig. 6. 
[0021] Fig. 9 is a cross-sectional view of the vessel 
taken in the plane including line 8-8 of Fig. 6 with coil 
springs disposed at a closed bottom of reaction wells to 
force vials within the wells upward against a cover plate. 
[0022] Fig. 10 is a flowchart illustrating a process uti- 
lizing the reactor vessel of Fig. 1 . 
[0023] Fig. 11 is a perspective of a second embodi- 
ment of a reactorvessel of the present invention. 
[0024] Fig. 12 is a perspective of the reactor vessel of 
Fig. 11 in an open position. 

[0025] Fig. 13 is a cross-sectional view of the reactor 
vessel of Fig. 11 . 

[0026] Corresponding reference characters indicate 
corresponding parts throughout the several views of the 
drawings. 



DETAILED DESCRIPTION OF THE INVENTION 

[0027] The following description is presented to na- 
ble one of ordinary skill in the art to make and use the 

5 invention. Descriptions of specific embodiments and ap- 
plications are provided only as examples and various 
modifications will be readily apparent to those skilled in 
the art. The general principles described herein may be 
applied to other embodiments and applications without 

10 departing from the scope of the invention. Thus, the 
present invention is not to be limited to the embodiments 
shown, but is to be accorded the widest scope consist- 
ent with the principles and features described herein. 
For purpose of clarity, details relating to technical mate- 

15 rial that is known in the technical fields related to the 
invention have not been described in detail. 
[0028] Referring now to the drawings, and first to Figs. 
1-6, an apparatus of the present invention is shown and 
generally indicated at 20. The apparatus 20 comprises 

20 a reactor vessel defining a pressure chamber 26 and a 
plurality of reaction wells 30 internal to the reactorvessel 
and exposed to the pressure chamber. The pressure 
chamber 26 is pressurized with an inert gas to pressu- 
rize components within the reaction wells or a gas se- 

25 lected to react with components within the reaction 
wells. The common pressurization area defined by the 
pressure chamber 26 simplifies the sealing required as 
compared to individually sealed reaction wells of con- 
ventional devices. Furthermore, the common pressure 

30 chamber 26 exposes each reaction well 30 to generally 
the same pressure, whereas individually pressurized re- 
action wells are often exposed to varying pressures due 
to leaks or uneven filling (when heated), which introduc- 
es undesirable variability into the testing. 

35 [0029] The apparatus 20 may be used to perform par- 
allel synthesis or screening of materials or other exper- 
imentation involving reactions of multiple components. 
For example, the apparatus 20 may be utilized for reac- 
tions where one or more components is a gas such as 

40 hydrogenations, carbon ilations, oxidations and polym- 
erizations with gaseous monomers. The apparatus may 
also be used with homogeneous, chiral, or heterogene- 
ous catalysts (i.e., catalysts which enable catalytic re- 
actions to occur with the reactants and catalysts residing 

45 in different phases (e.g., solid/liquid, solid/gas, liquid/ 
gas)), or polyolefin and butyl rubber polymerizations. It 
is to be understood that the applications described here- 
in are merely examples of uses of the apparatus 20 and 
methods of the present invention and that the apparatus 

50 may be used for other applications without departing 
from the scope of the invention. 
[0030] As shown in Figs. 1-3, the reactor vessel has 
an overall rectangular shape and comprises two sec- 
tions; a base member 32 and a top member (or cover) 

55 34 (Figs. 1 and 2). The combination of the base 32 and 
cover 34 form a manifold generally in the f orm of a rec- 
tangular parallelepiped. Internal surfaces of the base 32 
and cover 34 define an internal cavity which forms the 
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pressure chamber 26 (Figs. 7 and 8). The pressure 
chamber may have a volume of approximately ten cubic 
inches, for example. The base member 32 includes a 
bottom 40, a pair of opposing side walls 42, and a pair 
of opposing end walls 44 (Figs. 4 and 5). The cover 34 
includes a periphery flange 48 configured to mate with 
a periphery flange 50 extending from the walls 42, 44 of 
the base member 32 (Figs. 1 and 2). The flanges 48, 50 
of the cover 34 and base 32 include a plurality of open- 
ings 52 (ten shown) for receiving bolts 54, screws, or 
otherfasteners. The base 32 and cover 34 may also be 
attached by other suitable attachment means such as 
external clamps. The base 32 includes a groove 58 ex- 
tending around a periphery thereof for receiving a seal- 
ing gasket 60 (Figs. 1 , 7 and 8). The gasket 60 is inter- 
posed between the base 32 and cover 34 to provide a 
seal therebetween. The groove 58 for the gasket 60 may 
be machined into either a bottom surface of flange 48 
of the cover 34, or a top surface of flange 50 of the base 
32. The gasket 60 may be an o-ring formed from PTFE, 
neoprene, butyl rubber, Teflon coated elastomer, Viton, 
expanded Teflon, graphite, or Kalrez, for example. 
[0031] The reactor vessel includes an inlet port 70 in 
fluid communication with the pressure chamber 26 
(Figs. 2 and 6). A quick release fitting 72 is preferably 
coupled to the inlet port 70 for attaching the port to a 
flexible hose or rigid tube (not shown) connected to a 
pressure supply device. The flexible hose or rigid gas 
supply tube may also be left connected and the fill valve 
open during an experiment. If a vacuum is to be applied 
to the chamber 26, a vacuum supply device may also 
be attached to the pressure port 70 or another inlet port 
on the reactor vessel. A fill valve 74 is attached to the 
inlet port to control the application of pressure to the ves- 
sel. The fill valve 74 may have a manual or electronic 
pressure control valve. A pressure sensor (not shown) 
may be inserted inline with the fill valve 74 or inserted 
into the pressure chamber 26 or one or more of the re- 
action wells 30 to monitorthe pressure within the vessel. 
Tne inlet supply system may allow for a series of purg- 
ing, venting, or pressurization cycles, with one or more 
gases or with vacuum without disconnecting the supply 
lines. The pressure source may be an inert gas such as 
nitrogen, argon, helium, carbon dioxide, or air, or a re- 
active gas such as hydrogen, oxygen, hydrogen chlo- 
ride, or ammonia. Mixtures of gases may also be used. 
Th reactor vessel further includes an opening for a 
pressure release valve 78 to prevent over pressurization 
of the vessel. 

[0032] The base 32 and cover 34 may be formed from 
aluminum, titanium, steel, or any other suitable material. 
The material of the reactor vessel is preferably selected 
to be chemically inert to the reaction of interest and allow 
the vessel to operate at high temperature (e.g., 
150-250° C) and high pressure (10-1000 psig). For x- 
ample, if the apparatus is to be op rated at 290 psig and 
150° C (for e.g., gaseous monomer or reagent use), 
6061 -T6 aluminum, which has been hard anodized, may 



be used. If the operating pressure is 1 000 psig and op- 
erating temperature is 200° C, the material may be 
17-4PH, H1100 stainless steel or 6A1-4V titanium. For 
some applications, the stainless steel or other material 

5 may be coated or surface treated. It is to be understood 
that the temperature or pressure applied to the reactor 
vessel or the materials used to form the base 32 and 
cover 34 maybe different than described herein without 
departing from the scope of the invention. The reactor 

10 vessel is preferably designed to withstand pressures 
substantially above atmospheric pressure (i.e., 14.7 
psi). The vessel is preferably designed to withstand 
pressures above 10 psig, and more preferably pres- 
sures above 50 psig. The vessel may also be designed, 

is for example, to operate at pressures of 1 5 psig, 20 psig, 
30 psig : 40 psig, 1 00 psig, 300 psig, 500 psig, 1 000 psig, 
or other selected pressures. The vessel is preferably de- 
signed to withstand temperatures up to 200° C, but may 
also be designed to operate at 250° C, 31 5° C, or higher 

20 temperatures. 

[0033] The reaction wells 30 are preferably integrally 
formed within the base member 32 or another member 
coupled to the base member. As shown in Figs. 7 and 
8, the wells 30 are machined into an upper planar sur- 

25 face 80 of the base member 32. The wells 30 are pref- 
erably machined as close as possible to one another. 
Similarly, a bottom surface 84 of the well 30 is left with 
sufficient material to withstand pressures applied to the 
wells. The base member 32 may also serve as a tern- 

30 perature control means for controlling the reaction tem- 
perature in the reaction wells 30, in which case the bot- 
tom surface 84 of the reaction wells 30 is sized to pro- 
vide the required conductivity between an external heat 
source, such as a heating plate on which the reaction 

35 vessel is placed, and the reaction wells. The reactorves- 
sel may be placed, for example, on a temperature con- 
trol plate which is contiguous to the lower surface of the 
reactor vessel for the transfer of thermal energy there- 
between. The thermal control plate may be a plate 

40 formed of thermally conductive material with passages 
for conveying a heating or cooling fluidthrough the plate, 
or other heat generating device, as is well known by 
those skilled in the art. If the reactor vessel is designed 
for heating components within the reaction wells, the 

45 manifold is preferably formed from a thermally conduc- 
tive material, such as an aluminum alloy. The reactor 
vessel may also be placed in an oven to heat the com- 
ponents within the reaction wells 30. 
[0034] The reaction wells 30 may also be formed with- 

50 in a block separate from the base of the reactor vessel. 
For example, the reaction wells may be formed within a 
metal, nylon, Teflon, or other polymer material block. 
The block may be a microtiterplate, as described below. 
[0035] The reaction vessel is preferably configured to 

55 correspond to a standard microtiter plate format. The mi- 
crotiter plate is a widely used means for handling, 
processing, and analyzing large numbers of small sam- 
ples in the biochemistry and biotechnology fields. Typi- 
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cally, a microtiter plate is approximately 3.4 inches wide 
and 5.0 inches long and contains 96 identical sample 
wells in an 8 by 1 2 rectangular array on 9 millimeter cent- 
ers. A wide variety of equipment is available for auto- 
matic handling, processing, and analyzing of samples 
in this microtiter plate format. It is to be understood that 
depending upon the scale of the apparatus, the block 
may contain a greater or fewer number of reaction wells 
of various geometries arranged in any configuration. 
[0036] In the embodiment shown in Figs. 1-8, the 
base includes 96 reaction wells 30 in an 8 by 12 array, 
corresponding to the standard microtiter plate format 
used in industry for high throughput screening of com- 
pounds and biological assays. In preferred embodi- 
ments, the number of test wells is equal to 96 x N, where 
N is an integer ranging from 1-100, preferably 1-10, and 
more preferably 1 -5. The outside dimensions of the ves- 
sel preferably correspond to the standard microtiter for- 
mat (e.g., approximately 5.0 inches long (1), 3.4 inches 
wide (w), and 0.5 - 2.0 inches high (h) (Figs. 4 and 5). 
For example, the reactor vessel may have a length (1) 
of 5.030 inches, a width (w) of 3.365 inches and height 
(h) of 2.175 inches. It is to be understood that the reactor 
vessel may have external dimensions different than the 
standard microtiter plate format or have a different 
number or arrangement of reaction wells 30 without de- 
parting from the scope of the invention. For example, 
the reactor may have a 3 by 4 array of reaction wells, 
each well having a fluid volume of approximately 1 6 mil- 
liliters. Other arrays, such as a 3 by 5 array or a 100 by 
1 00 array may also be used. 

[0037] Components used in the synthesis or screen- 
ing may be added directly to the reaction wells 30 or the 
reaction wells 30 may be lined with an inert liner to pre- 
vent reactions between chemicals and the base mem- 
ber. As shown in Figs. 7 and 8, vials 90 may be inserted 
into the wells 30 for receiving the components. The vials 
90 may be formed from glass or other su itable materials. 
The vials 90 preferably extend above the reaction well 
openings formed in the base member 32. The glass vials 
90 may have an internal volume of approximately 2 mil- 
liliters, for example. 

[0038] A flow restriction device 92 is preferably placed 
over the reaction wells 30 to reduce vapor phase cross- 
talk between adjacent wells 30 (Figs. 7 and 8). The flow 
restriction device 92 may comprise, for example, a cover 
member having a plurality of very small vent holes 96 
aligned with the reaction wells 30 to provide fluid com- 
munication between the wells and the pressure cham- 
ber 26. The cover member 92 may be a rigid metal plate 
with vent holes drilled therein or a flexible elastomeric 
sheet (e.g., septum sheet) with vent holes punched 
therein. The member 92 may also be a porous sheet 
with the pores providing fluid communication between 
the reaction wells 30 and the pressure chamber 26. The 
flow restriction device 92 may also include check valves 
which allow flow into th reaction wells 30 but r strict 
* flow from the reaction wells to the pressure chamber 26. 



The vent holes within the flow restriction device 92 may 
also be micromachined flow restrictions. 
[0039] A coil spring 95 (or elastomeric material) may 
be placed at the bottom of each of the reaction wells to 

5 force the vials upward and bias the open ends of the 
vials against the flow restriction device 92, as shown in 
Fig. 9. The flow restriction device 92 is preferably re- 
movably attached to the base member with bolts 98 or 
other suitable attachment means. The flow restriction 

10 device 92 may also be coupled or integrally formed with 
the cover 34 so that the device is automatically disposed 
adjacent to the open ends of the reaction wells 30 when 
the cover is mated with the base member 32 and closed. 
[0040] The materials of the base member 32, cover 

15 34, flow restriction device 92, gasket 60, and vials 90 
are preferably selected to be chemically suitable for the 
application (i.e., will not be attacked, solubilized, sof- 
tened, or otherwise interact with the reagents, solvents, 
solids, products, or other components which are either 

20 added to the vessel or produced during a reaction se- 
quence). The materials are also preferably chosen to 
assure that reactant, products, or by-products of the re- 
action are not adsorbed or otherwise trapped by the ma- 
terials. 

25 [0041] Fig. 1 0 is a flowchart illustrating a process for 
utilizing the apparatus 20 of the present invention. At 
step 1 00, the cover 34 is removed from the base mem- 
ber 32 (or placed in an open position) to allow access 
to the interior of the reactor vessel (Figs. 1 and 10). If 

30 the reaction wells are not formed in the base member, 
the block containing the reaction wells is positioned 
within the base member 32. The components to be test- 
ed are then placed within the reaction wells 30 (step 
102). Preferably, the composition of the materials 

35 placed within each of the wells 30 varies from one reac- 
tion well to the next. The cover plate 92 is then placed 
over the base member 32 with fastener openings within 
the plate aligned with openings formed in the base (or 
reaction well block) (step 104). Bolts 98 or other suitable 

40 fasteners, are inserted into the aligned openings to at- 
tach the cover plate 92 to the base member 32 . The cov- 
er 34 is then attached to the base 32 with bolts 54 or 
other fasteners (step 106). A supply line (not shown) is 
connected to the quick release coupling 72 at the inlet 

45 port 70 and the fill valve 74 is opened until the required 
pressure is reached within the pressure chamber 26 
(step 1 08) (Figs. 6 and 1 0). The gas supplied to the ves- 
sel may be an inert gas or a gas that reacts with the 
components placed into the reaction wells 30. 

50 [0042] After the pressurized gas is added to the ves- 
sel and the pressure chamber 26 has reached the ap- 
propriate operating pressure, the fill valve 74 is closed, 
the supply line is removed, and the entire assembly is 
inserted into an oven or placed on a heating plate (steps 

55 110 and 112). Agitation of components within th reac- 
tion wells 30 may be achieved by shaking or magnetic 
stirring. For example, the apparatus may b placed on 
an oven/shaker assembly or a magnetic stirrer may be 
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used to mix the reactants. The base 32 and cover 34 
are preferably aluminum or titanium if magnetic stirring 
is used. Once the reaction is complete, pressure is re- 
moved from the pressure chamber 26 through the fill 
valve 74 or an outlet or vent within the housing (step s 
116). The cover 34 is opened and the cover plate 92 is 
removed from the base member 32 (step 118). If vials 
90 are used, the vials are removed from the reaction 
wells 30 for analysis or their contents are sampled (step 
1 20). If the materials are placed directly into the reaction 10 
wells 30, a pipette or other suitable tool may be used to 
remove contents of the wells. The contents of the reac- 
tion wells 30 are then analyzed by techniques well 
known by those skilled in the art. 

[0043] Figs. 11-13 show a second embodiment of a *5 
reactor vessel of the present invention, generally indi- 
cated at 200. The reactor vessel 200 includes a pres- 
sure chamber 202 sized for receiving a microtiter plate 
205. The pressure chamber 202 may be formed from 
6061 -T6 aluminum, or any other suitable material. The 20 
vessel 200 includes a fill valve 208 and pressure relief 
valve 21 0 in communication with the pressure chamber 
202. The vessel 200 further includes a door 204 mova- 
ble between an open position (shown in Fig. 12) for in- 
s rting the microtiter plate 205 and a closed position 25 
(shown in Fig. 11) for creating a sealed pressure cham- 
ber. A quick-operating fastening device is used to move 
the door 204 to its closed position and sealingly engage 
the door with the pressure chamber 202. The door 204 
may be formed from stainless steel or other suitable ma- so 
terials. The door 204 includes two pin receiving open- 
ings 211 formed in a top surface of the door and extend- 
ing longitudinally through a portion of the door (Fig. 1 2). 
The openings 211 are sized for receiving door latching 
pins 212 which extend downwardly from latch mecha- 35 
nism 21 4. The latch mechanism 21 4 is coupled to a han- 
dle 21 6 for movement therewith. The latch mechanism 
214 and handle 21 6 each include a pair of legs 21 8, 220, 
respectively. The legs 21 8 of the latch mechanism 214 
are spaced apart such that each leg is positioned adja- *o 
cent to an inner surface of the legs 220 of the handle 
216. The legs 218, 220 are attached by bolts or other 
suitable attachment means to create a four bar mecha- 
nism. The door 204 may also be coupled to the handle 
21 6 so that the door rotates towards its closed position *s 
as the handle is rotated upwardly. 
[0044] When the handle 21 6 is in its open position the 
latching mechanism 214 is in a raised positioned (Fig. 
12). As the handle 216 is rotated upwardly it pulls the 
door latching mechanism 21 4 downwardly along a linear so 
axis and forces the pins 21 2 into the pin receiving open- 
ings 211 within the door 204 as the door is rotated up- 
wardly by the handle (Fig. 11). The handle 21 6 includes 
latching members 224 attached to the legs 220 thereof 
to lock the door 204 in its closed position. When th door 55 
204 is in its closed position, an inner surfece 226 of the 
door is in s aling engagement with and an o-ring 230 
positioned within a groove extending around the periph- 



ery of the opening in the pressure chamber 202. A spring 
loaded clamping device 240 is positioned adjacent to 
the end of the plate 205 opposite the door 204 to hold 
the plate in place. The quick-operating fastening device 
allows for quick and easy opening and closing of the 
vessel without the need to loosen or tighten bolts or oth- 
er attachment means. 

[0045] The entire assembly 200 may be placed into 
an oven or on an orbital shaker. As shown and described 
above, the vessel 200 is compact since it is sized spe- 
cifically for receiving a microtiter plate. For example, the 
vessel 200 may have a length (L) of 7.625 inches. It is 
to be understood that the vessel may have different con- 
figurations than shown and described herein without de- 
parting from the scope of the invention. For example, 
the vessel 200 may be sized for receiving more than one 
microtiter plate or have a quick release mechanism dif- 
ferent than shown. 

[0046] The following examples illustrate principles 
and advantages of the invention. 

Example 1 : Heterogeneous Catalysis 

[0047] The reaction vessel used for this experiment 
was formed from 6061 -T6 aluminum and had 96 reac- 
tion wells. The following components were first added 
to a 4 ml glass vial to form a solution: 

10.9 mg of 1% palladium on activated carbon; 

3.090 ml ethyl alcohol; and 

0.020 ml nitrobenzene. 

The vial was shaken by hand and then placed on a stir 
plate to mix using a magnetic micro-stir bar within the 
vial. Samples containing 0.377 ml of the solution were 
pipetted into two of the 96 wells. The reactor was then 
sealed with an o-ring and the cover was placed over the 
base of the reactor. Bolts were inserted into the aligned 
openings of the base and cover and each torqued to 1 0 
ft-lbs. A gas supply line was attached to the reactor ves- 
sel and the vessel was pressurized and vented three 
times to remove the air inside. The vessel was then 
pressurized to 30 psig with pure hydrogen gas. The fill 
valve was closed and the gas line disconnected before 
placing the apparatus in a mixing oven. The reactor was 
heated at 30 6 C for one hour while mixing. The vessel 
was then vented and opened. Thin layer chromatogra- 
phy (TLC) and high pressure liquid chromatography 
(HPLC) were performed and showed that the nitroben- 
zene in both wells was fully converted and only the de- 
sired product, aniline, was detected. 

Example 2: Cross-Talk 

[0048] In the following example, two aluminum reac- 
tor vessels each having 96 reaction wells were used. 
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One of the reactor vessels included a septum sheet 
(flow restriction device) having punctured holes align d 
with each of the reaction wells. The other reactor vessel 
did not include a flow restriction device to reduce cross 
talk between reaction wells. Blanks of pure toluene were 
placed in eight reaction wells within each of the reactors. 
The remaining reaction wells contained a mixture of 
heptane, toluene, and octene. Nitrogen gas was sup- 
plied to each of the reactor vessels at an initial pressure 
of 1 60 psig and temperature of 25°C. The final pressure 
within the vessels was 260 psig after 45 minutes in an 
oven at 200°C. The following are the gas chromatogra- 
phy (GC) test results: 

The original mix before the test included the following 
components: 

43.47% heptane, 49.03% toluene, and 7.50% oc- 
tene. 

The original toluene blank before the test contained: 

0.05% (in heptane position), 99.93% toluene, and 
0.02% (in octene position). 
The average composition of the mix (with flow restriction 
device) after the test was: 

41.51% heptane, 51 .35% toluene, and 7.14% oc- 
tene. 

The average composition of the mix (without flow restric- 
tion device) after the test was: 

41.82% heptane, 50.50% toluene, and 7.68% oc- 
tene. 

Thus, some vapor was being transported out of the re- 
action wells in both reactor vessels. 
[0049] The average composition of the toluene blanks 
(with flow restriction device) after the test was: 

0.47% heptane, 99.49% toluene, and 0.04% oc- 
tene. 

The average composition of the toluene blanks (without 
flow restriction device) after the test was: 

17.11 % heptane, 81 .26% toluene, and 1 .68% oc- 
tene. 

Thus, the flow restriction device helped to prevent vapor 
transport (cross-talk) into the wells. 
[0050] As can be observed from the foregoing, the ap- 
paratus 20, 200 and method of the present invention 
have numerous advantages. The reaction wells 30 are 
all exposed to a common pressure chamber 26 which 
results in simplification of the apparatus, reduced vari- 
ation between pressurization of the reaction wells, and 
reduced manufacturing and processing costs. The ap- 
paratus is well suited for auxiliary processes including 
heating, shaking, and robotic automation. Furthermore, 
since there is a fewer number of sealed volumes (e.g., 
one versus ninety-six) the apparatus provides increased 
reliability and easier maintenance. The design of the re- 
actor vessel allows for pressurization of the reaction 
wells with a pressurized gas at a pressure substantially 
above atmospheric pressure. 

[0051] Although th present invention has been de- 
scribed in accordance with the embodiments shown, 
one of ordinary skill in the art will readily recognize that 



there could be variations made to the embodiments 
without departing from the scope of the present inven- 
tion. Accordingly, it is intended that all matter contained 
in the above description and shown in the accompany- 
5 ing drawings shall be interpreted as illustrative and not 
in a limiting sense. 
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Claims 

1. An apparatus for use in parallel reaction of materi- 
als, comprising: 

a base (32) having a plurality of reaction wells 
(30), each of said reaction wells having a closed 
lower end (84) and an open upper end for re- 
ceiving components for the reaction; 

a cover (34) configured for sealing engagement 
with the base to form a housing enclosing said 
plurality of reaction wells and defining a com- 
mon pressure chamber (26) in communication 
with said plurality of reaction wells; 

a flow restriction device (92) positioned adja- 
cent to said open ends of the reaction wells to 
provide communication between the reaction 
wells and said pressure chamber while reduc- 
ing cross-talk between the reaction wells; and 

an inlet port (70) in communication with said 
pressure chamber for supplying pressurized 
fluid to said chamberto pressurize said plurality 
of reaction wells. 

2. The apparatus of claim 1 wherein the flow restriction 
device (92) comprises a rigid member. 

3. The apparatus of claim 1 wherein the flow restriction 
40 device (92) comprises an elastomeric sheet. 

4. The apparatus of claim 1 wherein the flow restriction 
device (92) comprises a porous sheet. 

45 5. The apparatus of claim 1 wherein the flow restriction 
device (92) comprises a plurality of vent holes (96) 
formed therein and aligned with said plurality of re- 
action wells (30). 

so 6. The apparatus of claim 1 wherein the flow restriction 
device (92) comprises a plurality of micromachined 
flow restrictions formed therein and aligned with 
said plurality of reaction wells (30). 

55 7. The apparatus of claim 1 wherein the flow restriction 
device (92) comprises a plurality of check valves 
aligned with the reaction wells and configured to al- 
low flow into the reaction wells (30) and restrict flow 
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from the r action wells into said chamber. 

8. The apparatus of claim 1 further comprising a plu- 
rality of vials (90) inserted into said plurality of re- 
action wells (30) for receiving reaction components. 

9. The apparatus of claim 8 further comprising a plu- 
rality of springs (95) disposed at the bottom of the 
reaction wells (30) for biasing the vials (90) upward 
against the flow restriction device (92). 

10. The apparatus of claim 1 wherein said pressurized 
fluid is pressurized substantially above atmospheric 
pressure. 

11. The apparatus of claim 10 wherein the housing is 
configured to sustain an operating pressure equal 
to or greater than 300 psig. 

12. The apparatus of claim 1 wherein the base (32) and 
cover (34) are formed of a material from the group 
consisting of titanium, aluminum, and stainless 
steel. 

13. The apparatus of claim 1 further comprising a quick 
release fitting (72) coupled to the inlet port for con- 
necting the inlet port to a pressure source. 

1 4. The apparatus of claim 1 further comprising a pres- 
sure relief valve (78) coupled to an outlet port in 
communication with said common pressure cham- 
ber (26). 

15. The apparatus of claim 1 wherein the cover (34) is 
removably attached to the base member (32). 

16. The apparatus of claim 1 wherein external dimen- 
sions of the base member (32) and cover (34) gen- 
erally correspond to standard microliter plate di- 
mensions for use with automation equipment de- 
signed for use with microtiter plates. 

17. The apparatus of claim 1 wherein the reaction wells 
(30) each have an internal volume of approximately 
2 milliliters. 

18. The apparatus of claim 1 wherein said plurality of 
reaction wells (30) comprises 12 reaction wells ar- 
ranged in a 3 by 4 array. 

1 9. The apparatus of claim 1 8 wherein each of said re- 
action wells (30) has an internal volume of approx- 
imately 16 milliliters. 

20. An apparatus for use in parallel synthesis or screen- 
ing of materials, comprising: 

a pressure chamber (202) sized for receiving a 



microtiter plate (205) comprising a plurality of 
reaction wells (30) for receiving components of 
the synthesis or screening, each of the reaction 
wells having a closed lower end (84) and an 
5 open upper end exposed to said pressure 

chamber; 

a cover (204) movable between an open posi- 
tion for receiving the microtiter plate and a 
10 closed position; 

an inlet port (208) in communication with said 
pressure chamber for supplying fluid pressu- 
rized substantially above atmospheric pressure 
15 to said pressure chamber to simultaneously 

pressurize each of the reaction wells from an 
external pressure source; 

a flow restriction device (92) positioned adja- 
20 cent to said open ends of the reaction wells to 

provide communication between the reaction 
wells and said pressure chamber while reduc- 
ing cross-talk between the reaction wells; and 

25 a quick-operating fastening device operable to 

position the cover in its closed position and hold 
the cover in sealing engagement with the pres- 
sure chamber. 

30 21. The apparatus of claim 20 wherein said quick-op- 
erating fastening device is a four bar mechanism. 

22. The apparatus of claim 20 wherein the flow restric- 
tion device (92) comprises a plurality of vent holes 

35 (96) formed therein and aligned with said plurality 
of reaction wells (30). 

23. The apparatus of claim 20 wherein the flow restric- 
tion device (92) comprises a plurality of microma- 

40 chined flow restrictions formed therein and aligned 
with said plurality of reaction wells (30). 

24. The apparatus of claim 20 wherein the flow restric- 
tion device (92) comprises a plurality of check 

45 valves aligned with the reaction wells and config- 
ured to allow flow into the reaction wells and restrict 
flow from the reaction wells (30) into said chamber. 

25. A method for reacting a plurality of materials in par- 
so allel within a reactor vessel having a plurality of re- 
action wells (30) formed therein each having an 
open end exposed to a common pressure chamber 
(26) defined by the reactor vessel, the method com- 
prising: 

55 

opening a cover (34) of the reactor vessel; 
inserting components into the reaction wells; 
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covering a portion of the open ends of the re- 
action wells to reduce vapor phase cross-talk 
b tween the reaction wells; 

closing the cover of the reactor vessel to create 5 
a sealed chamber, 

supplying a gas substantially above atmos- 
pheric pressure that reacts with the compo- 
nents within the reaction wells; and 10 

releasing pressure from the reactor vessel. 

26. The method of claim 25 wherein supplying a pres- 
surized gas comprises supplying a gas at above 10 is 

psig. 
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